Introduction
Managing natural capital is the core of sustainable development, while effective management depends on reliable measurement of those who need to be managed. [1] As a bio-physical quantitative assessment tool to estimate the sustainable utilization of natural resources, the EF method proposed by Rees [2] and Wackernagel [3, 4] has gained much attention and positive response from international scientists, world's governments and non-government organizations. [5] [6] [7] [8] [9] [10] [11] [12] [13] Dynamic changes of sustainable ecosystem in China have been assessed with long-term series from 1949 to 2006, and the ecosystem sustainability of 30 provinces in 1986, 1996, 2002 and 2006 are analyzed based on ecological footprint index (EFI) proposed by Wu [14] and ecological footprint efficiency (EFE) proposed by Xu. [15] Then, the fluctuant cycles of per capita ecological footprint and bicapacity in China 1949-2006 are decomposed and extracted based on EMD method, and series nonlinear dynamic predictive models are presented with the cycles. Forecasting numerical values of the three scenarios are analyzed based on their predictive models according to three ecological footprint scenarios presented, in Living Planet Report 2006 published by World Wide Fund for Nature. [12] Furthermore, we analyze and evaluated the feasibility and difficulties of the above three scenarios, and propose some solutions and suggestions. We hope that our analysis will be useful to study of rational natural resources utilization in order to eliminate global and 72
Resources and Environmental Economics, May 2019, Vol. 1, No. 2 regional ecological overshoot. This research could be meaningful for predicting global and regional sustainable development status; at the same time, we hope it would provide new access to effective methodology in predicting and interpreting the EF in long time series.
Methodology and data
Due to EF model simplicity and easy interpretation, the applications of this approach can be found in an abundant literature. [5, 6, 8, [10] [11] [12] [16] [17] [18] Its calculation details are readily obtained in many references. [3, 4, 19, 20] In order to make calculation results in accordance with long time series, some modified methods of ecological footprint and biocapacity in China 1949-2006 calculations are as following:
Thinking data availability, the ecological footprint account in China 1949-2006 includes biologic resource production, built-up space (non hydro-power), and energy consumption (e.g. fossil fuels, hydro-power, embodied energy in trade, nuclear energy). The biocapacity account involves biologic resource, built-up space (non hydro-power), and hydro-power. Biologic resource footprint is calculated with output data instead of consumption, and fossil energy footprint calculation is reverse.
Alterable equivalence factors are used to calculate EF and BC in China 1949 China -2006 (Table 1) . That is equivalence factor in 1961 for 1949-1965, in 1971 for 1966-1975, in 1981 for 1976-1985, in 1991 for 1986-1995 
(1) Where y arable,j is arable land yield factor in j th year, n is biologic resource item (e.g., grain, cotton), j is a year, and output i,j is output per unit of i th biologic resource item in j th year. Outputs per unit of forest and aquatic products are often influenced by natural factor, as well as data confine. 
Spatiotemporal analyses
The spatiotemporal analyses are processed with EFI and EFE indices in this paper. EFI is defined as a percentage that the amount of biocalacity minus EF accounts for the biocalacity of a given region (Wu, 2005) .
It reflects the potential of future regional sustainable ecosystem. The calculation formula is:
EFE is defined as the ratio of total gross domestic production (GDP, 10,000 yuan) of a regional economy system divides its total ecological footprint (Xu et al., 2003) . The calculation formula is:
3. The change of EFE is shown in Figures 3 . The result shows that the change of EFE is very slow before 1980. It is 0.0458 10,000yuan/hm 2 in 1952, and 0.0661 10,000yuan/hm 2 in 1979, respectively. Later, EFE is rapidly creased. It is 0.8599 10,000yuan/hm 2 in 2006. This may be strongly correlated to many practical factors such as society, economy, technology and management in China. For example, implementing China's initiating reforms since 1978, advocating circulation economy, constructing saving society in recent years.
Although EFE is rapidly increased in the last 57 years, EFI fell down constantly. The change shows China has been confronted with the great environment challenges. There is still a considerable room for further saving nat- ural resource in China. 
Spatial changes of EFI and EFE of provinces

constructed and adjusted Models
The dynamic prediction models are constructed based on our above analysis as follow:
Where x(t) means per capita EF or BC (hm 2 ), R(t) is the original value of residual trend of EF or BC (hm 2 ), t is the time (year), r is the average annual change rate of EF or BC, T i is period, A i is amplitude, ϕ i is original phase, IM F 0i is original value of IMF i . The average annual change rates are 4.519% for per capita EF, -0.237% for BC in China 1949-2006 according to Figures 1. Taking x 0 , r, and A i , T i of Table 2 and  Table 3 into Formula (11), we get: and Equation 7 are revised as: The increased BC could not compete with human ecological deficit within the regional biocapacity limits though it may take effect in some way. Thus, the essential access to eliminating ecological deficit in China is to reduce total EF and per capita EF.
Slow-shift scenario
The 
The prediction of per capita EF 2025-2050 is shown in Table 5 according to Equation 11. Table 5 shows per capita EF would reach to 1.585 hm 2 in 2050 if its change keeps the same trend of contemporaneous world. Per capita ED would fall to 0.728 hm 2 in 2050. Per capita ED would cut down 10.471 hm 2 in 2050 comparing to business-as-usual scenario. This may be owed to the numerous policies and measures which have been put into practice such as controlling population growth, implementing recycle economy, and innovation of renewable or cleaner energy use by Chinese central government in recent years. For example, in order to release the pressure of the growing demand for fossil fuel energy (Table 6 ), Chinese State Council has taken energy development as a central role in the coming decades. Therefore, per capita ED could be cut down with economy constant growth in future. An inspiring prospect with great challenges in China is depicted by the slow-shift prediction scenario.
Rapid-reduce scenario
The rapid-reduction scenario of Living Planet Report 2006 shows that humanity's footprint in 2100 would be 
Prediction of EFI 2007-2050
Figures 12 shows change trends of EFI based on the above three prediction scenarios. EFI will fall to -136.01% in 2010, -559.91% in 2030, and -1307.19% in 2050 according to the business-as-usual scenario. EFI will be grow slowly with -96.18% in 2010, -111.25% in 2030, -84.96% in 2050 if per capita EF is decreased and BC is increased But this change should owe to some effective measures implement. EFI may rapidly grow with -92.49% in 2010, -100.09% in 2030, -58.11% in 2050 according to rapid-reduce prediction scenario. China should strictly control population growth, implement recycle economy, construct saving society, innovate in renewable or cleaner energy use, and make rational international trade structure, etc. Therefore, China could denote sustainability at the global level. The nonlinear dynamic predictive model proposed with the cycles and multiple scenarios forecasting are analyzed in this paper. The purpose is to offer an access to the prediction study on Ecological Footprint Method. It is meaningful in reducing humanity's EF, increasing BC and for policy-makers by simulating the parameter. The variations of EF and BC could be simulated if the values of r and T are appropriate. Theoretical references for policy-makers from the public, government, and environment departments could be offered. Of course, the multiple scenarios prediction of this paper need to be perfected since they are calculated at various hypothesis premises (e.g., the annual change rates of per capita EF and BC would be consistent). In fact, the variations of EF and BC are very complicated as they are influenced by social, economic and natural factors such as population, consumption, land use, climate, technology, management etc Solutions to these questions will provide further perception into Ecological Footprint Method prediction.
